ABSTRACT:-This paper presents an assessment of the level of vanadium in foods (Plantain, Musa spp; Yam, Discorea rotundata; and Maize, Zea mays) 
INTRODUCTION
The awareness of the potential danger posed by heavy metals to the ecosystems and in particular to human health has grown tremendously in the past decades. Heavy metals such as cadmium, lead, mercury are known toxic metals with no beneficial effects to man and wildlife (1, 2) . Certain metals such as copper and cobalt are classified as essential to life due to their involvement in certain physiological processes. Elevated levels of these metals has however been found to be toxic (3) . Elevated levels of copper have been reported to cause brain damage in mammals (4) .
Vanadium is also regarded as a beneficial element that helps in carbohydrate metabolism, prevention of some heart diseases and also essential for certain animals, plants, and microorganisms (5) . Some research even focused on vanadium ability to reverse diabetes in animal subjects (5, (6) (7) (8) . The interest in this study however lies in its essentiality and possible toxicity when present in the human body at higher concentrations.
Vanadium is a natural constituent of the earth, which is distributed extensively in nature (9) . Major sources are oil and fossil fuels hence the combustion of fossil fuel has been described as one of the largest sources of environmental pollution by vanadium since coal and oil are among the richest sources of the metal (10) . Natural deposits of vanadium in coal and crude oil vary between 1 and 1500 mg/kg and it is estimated that some 65,000 tons are released into the environment each year by natural emissions such as volcanoes and 200,000 tons by human activities (11) . Vanadate, when present in the animal tissue in the +5 oxidation state has been reported as a potent inhibitor of ATPase, with striking pharmacological effects on cardiac contractility, blood pressure, and urine flow (12) . However, it becomes a poor inhibitor of ATPase when it enters the cell where it is reduced by glutathione and other agents to vanadyle species (VO 2+ ) (13) .
Vanadium has been reported to possess the ability to cross the placental barrier and thus accumulate in the foetus (14) . Vanadium compounds have also been reported to affect female estrous cycle regularity (15) and male spermatogenesis (16) . Ammonium metavanadate have also O. R. AWOFOLU been reported to affect the size, weight, and number of the offspring of pregnant mice exposed to a concentration of 200 ppm (17) .
The effects of ammonium metavanadate on the incidence of foetal developmental anomalies (gross, visceral, and skeletal) were significantly increased in foetuses of both treated groups compared with control group (18) .
The bioaccumulation of vanadium by animal (19) , plants (20, 21) and human hair (22) has been reported. The metal has also been determined in several environmental samples such as in soil (23) in natural water (24) in fish (25, 26) and in sediment (27) .
This paper reports the levels of vanadium in popular foods (Plantain, Musa sapientum; Yam tuber, Discorea rotundata; and Maize, Zea mays) from different market places in Lagos metropolis, the commercial and business nerve centre of Nigeria. This is with a view of evaluating the amount of the metal in foods and possible accumulation and toxicity in human at elevated level. Large scale commercial farming is very rare in the State and majority of the foods are normally harvested and brought from other states to be sold.
MATERIALS AND METHODS

Samples, sampling sites and sample preparation
Food samples consisting (plantain, yam tuber and maize) were purchased directly from food vendors from ten different markets in Lagos metropolis placed in labelled polyethylene bags and taken to the laboratory for treatment and analysis. In the laboratory, the outer sheath covering the plantain, maize and the brown testa of the yam tuber were peeled off and the food cut into smaller bits.
The maize seeds were removed from the curb into clean crucible and then dried in the oven at 150 0 C for 2-3days. Upon drying, they were separately ground into powdery form using clean acid washed (10 % HNO 3 ) mortar and pestle. Metallic determinations were based on these ground food samples. Samples were collected and analysed once in the months of August, September and October of 2002 referred to in this study as first, second and third period respectively while the sampled market places referred to as sites.
Reagents
All reagents used were of analytical grades. Glassware were properly washed, soaked in dilute acid (10% HNO 3 ) overnight and then rinsed with water and then with double distilled water before use. The metal standard solutions were prepared from 1000-ppm stock solution of the metal.
Instrumentation
Flame atomic absorption spectrometer, Pye Unicam Philips model PU900X was employed in the determination of the metal. All the operational conditions in the instrumentation manual were followed.
Analyses of Food Samples
Food samples were digested according to a previously described procedure (28) . Briefly, 10g of the homogenised samples was weighed into 250 ml Erlenmeyer flask and 20 ml of the acid mixture (HCl-HNO 3 ; 9 + 1) added. The flask was heated on a hot water bath at 90 o C for about 30 minutes. The digested sample was allowed to cool and then filtered using Whatman Filter No 542 into 50 ml standard flask. The Erlenmeyer flask was rinsed twice with about 2 ml of doubly distilled water and then filtered into the 50 ml standard flask. Blank determination was done and the digested sample analysed on the AAS. Triplicate digestion of each sample was carried out and analysed.
Quality Assurance
Due to the unavailability of Standard Reference Material (SRM), standard addition method of the metal was carried out for the validation of the analytical method. Each of the samples was spiked with 1mg of the metal as V 2 O 5 . They were then taken through the chemical analysis as described above. Three replicate analyses of the recovery tests were carried out for each food sample.
Statistical Analysis
The results of the metal obtained in the food samples were subjected to statistical evaluation using the Pearson correlation coefficients. 
RESULTS AND DISCUSSION
Results of the quality assurance for the spiked food samples are as shown below. The percentages of the metal recovered from the spiked food samples were 98.1, 91.5 and 95.7 with coefficients of variation of 3.4, 2.6 and 1.5 % for plantain, yam tuber and maize respectively. These high recovery values are indications of the validity and applicability of the analytical protocol employed. The concentrations of vanadium in foods from the sampled sites for the three periods are presented in Tables 2 -4 while that of the mean concentration of the metal in foods for the three periods of sampling is presented in Table 5 . Results of vanadium analyses in food samples for the first period of sampling are as presented in Table 2 below.
The range and mean concentration of the metal obtained were 0.01 ± 0.001 -0.32 ± 0.005 µg/g, 0.13 µg/g; 0.02 ± 0.001 -0.41 ± 0.002µg/g, 0.13; and 0.02 ± 0.001 -0.35 ± 0.001 µg/ g, 0.11µg/g; for plantain, yam tuber and maize respectively for the first period of sampling. The highest metal concentration of 0.32, 0.41 and 0.35 µg/g were obtained in plantain, yam and maize at sites M 7 , M 3 and M 6 respectively during the first period. The results of metal analyses for the second period are as presented in Table  3 .
The range and mean concentration of vanadium were 0.01 ± 0.002 -0.27 ± 0.003µg/g, 0.14µg/g; 0.05 ± 0.004 -0.28 ± 0.001 µg/g, 0.17µg/g; and 0.03 ± 0.002 -0.15 ± 0.001 µg/g, 0.08µg/g respectively for foods in the above order. The highest metallic value of 0.27, 0.28 and 0.15µg/g were recorded in plantain, yam and maize at sites M 4 , M 2 and M 6 respectively. Results for the third period of sampling are as presented in Table 4 .
A range and mean concentrations of 0.02 ± 0.002 -0.62 ± 0.002 µg/g, 0.16µg/g; 0.02 ± 0.005 -0.23 ± 0.001 µg/g, 0.08µg/ g; and 0.01 ± 0.001 -0.25 ± 0.003 µg/g, 0.10 µg/g were obtained during this period. The highest metallic value of 0.62, 0.23 and 0.25µg/g at sites M 2 , M 6 and M 4 in similar order of food as above were obtained. The mean concentration of the metal in foods at each site for the three periods is presented in Table 5 .
The concentration ranged from 0.04 -0.27 µg/g, 0.07 -0.20 µg/g and 0.04 -0.19 µg/g for Plantain, Yam tuber and Maize respectively. Closer evaluation revealed that the amount of vanadium recorded in Plantain were higher when compared to other foods for the three periods except at sites M 3 , M 6 and M 10. O. R. AWOFOLU The results generally revealed the presence of the metal in all the analysed foods. The concentrations of vanadium obtained in the food samples from some sites were subjected to statistical evaluation using the Pearson Correlation Coefficient as shown in Table 6 . The yam tuber is a versatile food, which could be eaten by cooking with water, fried or roasted, and also in combination with other foods. It could also be processed into other forms such as 'iyan' widely eaten in the South Western parts of the country. The maize also could be eaten by roasting or cooked with water. It could also be processed by grinding into a paste form and taken as 'pap'. The estimated average dietary intake of vanadium has been given as 10 to 60 µg/day since there is no official recommended daily intake (RDI) (6).
Vanadium has been reportedly used for the treatment of diabetes and as food supplements in body builders however, the possible health effects of elevated amount in human body have not been established. However, some studies have revealed that vanadium may exert various toxic effects when administered in humans. Administration of vanadium to humans suffering from diabetes mellitus and coronary artery disease for about 2-4 weeks have reported gastrointestinal disturbance (29) (30) (31) . However, effects such as weight loss, anorexia and severe abdominal pain have been reported in patients with coronary artery diseases when treated with doses of about 125mg/day of vanadium salt for five months (32) . Hence, the safety and other effects of larger doses of vanadium salts in human for longer periods remain uncertain.
Continual consumption of these foods at the metallic level obtained in this study could lead to accumulation in the body. The accumulation of vanadium in the blood (coelomic) cells of an ascidian in the family Ascidiidae has been reported (19) . In the absence of standard guideline specifying the maximum acceptable concentration (MAC) of vanadium in human, some experimental outcome of toxicity tests of vanadium in animals could be carefully inferred since minimal risk levels (MRLs) are often based on data from animal studies when relevant data of human studies are lacking. For example, the LD 50 of V 2 O 5 for mouse by oral is 23mg/kg and LD 10 by oral for rat is 10mg/kg (33).
Although, some animal studies have demonstrated that vanadium improves mineralization of bones and teeth and is important for iron metabolism and red blood cell growth, this effect has not yet been demonstrated in humans and high doses of vanadium are not recommended (5) . Maternal toxicity as evidenced by decreased absolute liver and kidney weights, fetotoxicity as evidenced by lower foetal weights and foetal lengths, and the presence of developmental variations in the test animal has been reported (9) .
Bodybuilders use vanadium supplements; however research does not significantly support its use for this purpose (34) . For example, the study of oral vanadylsulphate (VOSO 4 , 0.5 mg/kg/day) on anthropometry, body composition and performance, showed that oral vanadylsulphate was ineffective in changing body composition in weight-training athletics, and any modest performance enhancing effect requires further investigation (35) .
Vanadylsulphate is the most common form of vanadium used for nutritional supplements. Animal studies using the vanadate form observed an elevation of blood pressure, reduction of coenzyme A and coenzyme Q10 levels, stimulation of monoamine oxidase inhibitors, and interference with cellular energy production (6). Excessive amounts of vanadium have also been associated with manic-depression (5) and some products that are utilized for bodybuilding and diabetes involving doses of between 15 to 100 milligrams have been reported to be potentially toxic (6) .
The standard amounts of vanadium in some foods specified by (33) are 0.7, 0.4 and 0.14mg/kg for molluscs, crustaceans and fish respectively while 0.4mg/kg was specified for mammals. From the WHO standard of 0.4mg/ kg for mammals with inference to the quantity in human, an elevated amount of the metal could result in people consuming the analysed foods depending on the rate of elimination through the kidney and the quantity of the food taken. Adequate cognisance should also be taken of the fact that human beings are much more sensitive than other mammals to toxicity by substances.
Concentration range of 0.02 -0.79µg/g of vanadium in the analysed foods has been reported (36) . The amounts obtained in this study were higher except for 0.79 µg/g. This could be due to the accumulation of the metal by the plants since the metal is naturally present on earth.
CONCLUSION
The results general revealed the presence of vanadium in all the analysed foods. Although concentrations of 0.41µg/g in Yam tuber at M 3 during the first period, 0.15 and 0.62 µg/g in Plantain at M 1 and M 2 respectively during the third period were lower than 0.7 mg/kg recommended for mollusc (33) however possible accumulation could occur in human as a result of continual consumption. This is most probable considering the fact that these foods are regarded as cultural and traditional foods and are widely consumed.
